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Reparative procedures on the thoracic aorta often 
require interruption of the nutritive blood flow to the 
central nervous system. Recent technical advances in 
the surgical approach to the thoracic aorta have al- 
lowed for more extensive reconstruction, as outlined 
elsewhere in this issue. There remains, however, an 
incidence of severe neurological sequelae-stroke, 
paraplegia, delirium, and persistent coma associated 
with operations on the thoracic aorta. These complica- 
tions are in part secondary to an imperfect system for 
neurological protection. 
Our group has used profound hypothermia as the 
primary means of neuroprotection for operations requir- 
ing circulatory arrest. ' Two fundamental issues with 
deep hypothermic circulatory arrest (DHCA) are the 
temperature level required for adequate protection and 
how to ensure that an appropriate level of cerebral 
metabolic suppression has been reached prior to DHCA. 
As will be detailed in the following figures, the use of the 
jugular bulb cerebral mixed venous saturation (JSAT) 
has become our preferred technique for monitoring 
cerebral metabolic rate prior to circulatory arrest. 
The wcontl portion of the figures details the use of 
somatosensory evoked potentials (SSEP) for monitoring 
of spinal cord function during operations on the descend- 
ing thoracic aorta. The underlying hypothesis to our 
approach to the descending thoracic aorta is that the 
anterior spinal artery is actually a continuous network 
along the spinal cord with multiple segmental inputs.l 
Our group begins monitoring of the SSEPs just after 
anesthetic induction. The aorta is then mobilized seyuen- 
tially in a cephalad to raudad direction. As each large 
pair of intercostal vessels is encountered, a large 
atraumatic but occlusive hemoclip is applied. After 
application of the clip, the SSEP is monitored for 5 to 
10 minutes while further dissection proceeds. If there is 
no significant change in the SSEP pattern, the intercos- 
tal artery is sacrificed between medium permanent 
occlusive hemoclips. If there is a demonstrable change 
noted in the SSEPs, consideration of reimplantation of 
that intercostal artery is appropriate. 
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SURGICAL TECHNIQUE 
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1 (A) Position of patient for insertion of pulmonary venous and jugular bulb monitoring lines. (B) 
A standard percutaneous approach is used to access the internal jugular vein. Two sequential 
venipunctures are required, each followed by guidewire placement. The sites should be separated by 
1 to 2 cm. 
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2 The superior guide wire is directed cephalad for approximately 10 cm, or until any resistance is 
met. This guidewire will usually pass to the level of the mastoid process. The second wire is directed 
toward the central circulation as per routine for the placement of a pulmonary artery catheter. 
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Jugular bulb catheter 
3 As per routine, a pulmonary artery catheter introducer sheath is placed via Seldinger 
technique over the caudad guide wire. A 20-gauge 20-cm catheter is then advanced over the 
cephalad guide wire toward the jugular bulb. The last 5 to 7 cm of the jugular bulb catheter is left 
outside of the skin incision to create a 180" curve to prevent kinking of the catheter. This step is 
particularly important during operations on the distal arch and descending aorta through a 
thoracotorny incision. Each catheter should then be sutured in place. Easy withdrawal of blood 
should be confirmed from the jugular bulb catheter. Further confirmation of proper placement 
can be accomplished by determination of a baseline oxygen saturation level. The finding of a 
jugular bulb saturation above 70% in an anesthetized patient at baseline should suggest the 
possibility of catheter malposition into either a facial or external jugular vein. 
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4 (A) The placement of a doppler flow probe on the left common carotid artery 
allows for an estimation of cerebral blood flow. If subsequent determinations are 
expressed as a proportion of the stable baseline cerebral blood flow (CBF), an 
estimate of the cerebral metabolic rate for oxygen (CMR02) can be determined with 
the following equation: 
CMROz = (CBF)(cerebral arteriovenous oxygen content differences) + 100 
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CMRO, Versus Jugular Venous Saturation 
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4 (continued) (B) Linear relationship observed between the jugular 
venous saturation and cerebral metabolic rate for oxygen during cooling 
and rewarming. This data was from a 55-year-old woman who had 
replacement of the ascending aorta and arch requiring a 36 minute 
period of circulatory arrest with normal neurological recovery. 
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5 Perfusion system used by us to allow for retrograde cerebra1 perfusion by shunting of 
oxygenated blood from the femoral arterial line to the venous system. We currently 
selectively use retrograde perfusion to provide a “washout” of debris near the end of a 
period of hypothermic circulatory arrest (HCA) for patients in whom the operating surgeon 
felt would be at high risk due to severe atherosclerotic debris. 
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6 Position of the cortical and subcortical electrodes for monitoring of SSEP. Disposable subdermal 
stainless steel needle electrodes (12 mm X 0.4 mm) are placed at the vertex (C2), F2, and C3. A cortical 
channel is generated with the F2 to C2 electrodes and a subcortical signal is obtained from the F2 to C3 
electrodes. 
95 CNS MONITORING DURING THORACIC AORTA SURGERY 
electrodes 
‘,i 
7 Position of the source electrodes for SSEP monitoring. 
Disposable surface disk electrodes are positioned as shown 
over the tibia1 nerve. The evoked potential signals are pro- 
cessed with a Cadwell Quantum 84 SEP generator/stimdator 
(Cadwell Labs, Kenewick, WA). Averaged signals of 200 
potentials cycled alternatively between left and right lower 
exremities are generated. The averaged signals are interpreted 
from both waveform analysis and a digitally expressed ma- 
chine generated latency measurement. 
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The use of the jugular 1)ulh oxygen saturation a i  a 
marlier of the actequacy of cerebral metabolic. suppres- 
sion has heen very useful. After introduction of the 
catheter as outlined previously, the Iiatient is cooled to 
an esophageal temperature of 15°C whilt, proximal 
reconstruction is performed. Once the surgeon feels he 
is within 10 to 15 minutes of completing the proximal 
reconstruction, the patient is further cooled on bypass 
with a blood perfusate temperature of 10°C. During this 
interval, serial jugular bulb samples are talien and the 
saturation is determined. We feel that a jugular bulb 
saturation over 95% represents a level of cerebral 
metabolic suppression adequate to initiate a period of 
circulatory arrest. We have shown that the cerebral 
metabolic rate for oxygen at these temperatures in 
humans is 17.8% f 19.8% of baseline.’ In  addition to 
the protection afforded by hypothermia we use 24 hours 
of perioperative methylprednisolone in patients whose 
Others have proposed the use of the electroencepha- 
logram (EEG) to determine adequate levels of cerebral 
metabolic suppression. The use of the EEG is based on 
the assumption that electrocerebral silence or an isoelec- 
tric EEG represents an adequate level of cerebral 
metabolic s ~ p p r e s s i o n . ~  A wide and inconsistent tem- 
perature range has been reported to achieve an isoelec- 
tric EEG.4,5 We did some preliminary work with EEG 
and noted an isoelectric EEG with simultaneous JSATs 
in the 80% range. Based on these observations, our 
group does not rely on EEG to monitor the status of 
cerebral metabolism. With the approach described, a 
period of circulatory arrest was used in 399 patients 
since January 1994 with an 8% incidence of permanent 
neurological dysfunction. 
The use of SSEP guided dissection of the descending 
aorta as described6 has two potential advantages. The 
avoidance of back bleeding into an open aorta with the 
possib*ty of subsequent “steal” is prevented. The 
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simultaneous, ahrnpt, severance of multiple input ves- 
sels that might result in a sudden tlroli in the perfusion 
pressure of the anterior spinal artery is also avoided. 
Using this approach and postoperative cerehral spinal 
fluid drainage, we have operated on 179 distal thoracic 
aorta’s since 1994 with a paraplegia rate of 5.6%. 
We continue SSEP monitoring in the postoperative 
period iintil the patient has recwverecl from anesthesia 
and can cooperate reliably with hourly neurological 
assessment. This postoperative monitoring has proven 
very useful. Identification of alterations in the postop- 
erative SSEP patterns allow the opportunity to inter- 
vene early with the chance of adverting adverse neuro- 
logical seqnale. 
Thus, through the use of these easily implemented 
techniques for central nervous system monitoring dur- 
ing operations on the thoracic aorta, reasonahle and 
consistent neurological outcomes can he obtained. 
REFERENCES 
1. 
2. 
3.  
4. 
.> . 
6.  
Criepp KB. Stinscin ER, Hollingsworth JF. ct al: Prctsthrtir  rrylarrment 
of the aortic arch. J Thorar Cardiovasr Surg 70:lOSl-1063. 1975 
Grirpp RB. Ergin MA, Calla J D ,  e t  al: Mininiizing spinal ritrtl injur? 
during repair of tlrsrrncling thoracir and thoracoahdominal a i ~ ~ u r y s n ~ s :  
The Mount Sinai hpproarh. Seniin Thorar Cardiovasc Surg 1095-28, 
1998 
MrCullough JN,  Zhang N,  Rcich D, et al: Cerehral nietabolir suppi-ession 
during hypothrrniir rirrulatory arrest in humans. Ann Thorar Surg Frh 
1999 (in press) 
Coselli JS, Crawfortl S ,  Beall AC. et al: Determination of brain t enqt t~a-  
turtzs for safe. cirrulatory arrest during cartlinrascular oprration. .kin 
Thorar Surg 45:638-642. 1988 
Ganzrl BL, Etlmontls IIL, Pank JR. et al: Nc~uroptiysii~logic nionitoring to 
assurr delivery of retingrade rrrebral pc~fusion. J Thorac Carcliovasc 
Surg 1133748-757, 1997 
Galla JD, Ergin MA, Sadeghi AM, et al: A new trrhnique using 
somatosensory evoked potential guidance during clesrcncling and thoraco- 
abcloininal aortir rcpairs. J Card Surg 9:662-672, 1994 
From the Depaitntrnt of Cardiothoracic Surgei?;, The Mount Sinai School of 
Address reprint reqiie3ts t n  Jock N. MrCullough, MD. The Mount  Sinai Medical 
Copyright 0 1999 bj- W.B. Saundrrs Company 
1~22-2942/99/0401-0006~ 10.00/0 
Medicinr. New York. NY. 
Ceiitrr, Cardiothoracic Surgery, Box 1028. New York, NY 10029. 
